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INTRODUCTION
Phosphate glasses are superior to silicate and borate glasses are due to higher thermal stability, density, limited melting point, dispersion, high solubility and ultraviolet cut-off (Ahmadi, Hussin and Ghoshal, 2017; Mott and Davis, 1971; Ashur et al., 2013) . Phosphate glasses have been widely used in displays, sensors, lasers and amplifiers. Rare earth ions (REIs) doped phosphate glasses have higher refractive index and low phonon energy which make them suitable for optical memory and photonic applications (Reza Dousti et al., 2013) . However, the optical, physical and structural properties of these REIs doped glass systems are decided by their chemical compositions that requires optimization. The spectral properties of these glass systems very much depend on the excited states energy level positions and branching ratios of the REIs (Dimitrov et al., 1996) . The high luminescence of europium ion (Eu 3+ ) is due to its specific energy levels that can be coupled with sensitive structural surrounding provided by the complex amorphous network. Certainly, unique characteristics of Eu 3+ are fundamental for the development of laser, displays, up-converters and fibre amplifiers (Snitzer, 1961) . Sharp red-light emission and longer lifetime of Eu 3+ are distinct from other REIs. Simple and non-degenerate ground state 7 F0 and excited state 5 D0 are involved in the absorption and emission processes (Koester and Snitzer, 1964; Yajima, H., Kawase, S., Sekimoto, 1972; Saruwatari, M., 1974) , where rich red colour display in devices is due to 5 D0→ 7 F2 transition. Symmetry or homogeneity in various host matrices can easily accommodate such simple energy level structure and induce allowed transitions in Eu 3+ (Saruwatari, M., 1974; Stambouli et al., 2013) . However, low absorption coefficient of Eu 3+ and low emission efficiency in the UV region are being the major limitations need improvement. One strategy is the increase of REIs concentrations, co-doping and/or co-embedment of metal nanoparticles. In both cases, concentration dependent intensity quenching persists, which can be minimized via composition optimization. The improvement in the overall properties of Eu 3+ doped phosphate glasses can be attributed to
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energy transfer between dipole or cluster formation (Yajima, H., Kawase, S., Sekimoto, 1972; Saruwatari, M., 1974) . Despite many efforts the influence of varying Eu 3+ contents on the physical and optical properties of magnesium-zinc-sulfophosphate glasses have not been clearly understood. In this view, a new series of Eu 3+ ions doped magnesium-zinc-sulfophosphate glasses of composition (65-x) P2O5-20MgO-15ZnSO4-xEu2O3 (x = 0.0, 0.5, 1.0, 1.5 and 2.0 mol%) were prepared using simple melt quenching method. Prepared samples were characterized at room temperature via different analytical tools. The effects of changing Eu2O3 concentration on the physical and optical properties of the glasses were determined.
METHODOLOGY
The amorphous nature of samples was confirmed using Bruker D8 Advance diffractometer (XRD, = 1.54 ) at 40 kV and 100 mA. The functional groups of the samples were detected by Fourier Transform Infrared (FTIR) analyses which were performed using Perkin Elmer Paragon 500 FTIR spectrophotometer with a resolution of ±4.0 cm −1 in the wave number range 400-4000 cm -1 . For IR measurement, bulk glasses were ground in powder form, where 1 mg of glass powder was mixed with KBr powders of 100 mg and pressed to 10 tons/cm 2 to form thin transparent pellet. The ultraviolet-visible (UV-Vis) absorption spectra of the glasses in the range of 350-2500 nm were measured using Shimadzu UVPC-3101 spectrophotometer with a resolution of ±1 nm. Dimitrov and Sakka's relation was used to calculate the refractive index from optical band gap values that were evaluated from the UV-Vis absorption edge by Tauc's plot (Dimitrov et al., 1996) . The photoluminescence (PL) emission spectra in the wavelength range of 530-750 nm (at 476 nm excitation) were recorded by a Jasco spectrofluorometer (FP-8500 PL spectrometer). Fig. 1 shows the XRD pattern of typical glasses. The absence of any sharp crystalline peaks and the presence of broad hunch verified the amorphous nature of as-quenched sample (Soga, N., Hirao, K., Yoshimoto, M., Yamamoto, 1988) . mol%) were prepared using meltquenching method. Depending on the Eu2O3 contents the synthesized glasses were coded as MZSPEu0.0, MZSPEu0.5, MZSPEu1.0, MZSPEu1.5 and MZSPEu2.0 which are summarized in Table 1 . Homogeneously mixed constituents were placed in an alumina crucible and melted inside an electrical furnace (1100 °C) for 90 minutes. Upon achieving the desired viscosity, the melt was poured on pre-heated stainless-steel mould and annealed at 300 °C for 180 minutes. Then, the frozen solid was cooled down to room temperature. The frozen samples were polished to achieve desired transparency and uniform thickness needed for optical measurements. High purity (99.99% from Sigma Aldrich) reagents all in powder from were used as glass constituents. Glasses of molar composition (65−x) P2O5-20MgO2-15ZnSO4-x Eu2O3 (x = 0.0, 0.5, 1.0, 1.5 and 2.0. Fig. 2 displays FTIR spectra of the studied glasses, which consisted of several characteristics bands that were assigned to different bonding vibrations summarised as follows: (i) band at 521 cm -1 was allocated to for P-O bonds vibration, (ii) band at 755 cm -1 corresponded to the symmetric stretching vibration of P-O-P linkages, (iii) band at 917 cm -1 was due to different groups of metaphosphates, (iv) band at 1109 cm -1 was allotted to the asymmetric stretching vibration of PO2 units, (v) band at 1303 cm -1 was endorsed asymmetric vibration of double oxygen bond in PO2, and (vi) band at 1639 cm −1 were assigned to H2O and OH vibrations in water, respectively. Interestingly, the hygroscopic nature of sulfophosphate glass was reduced with the decrease in Eu 3+ contents, responsible for low glass stability due to the generation of more nonbridging oxygen (NBO) bonds. Fig. 2 FTIR spectra of the studied glasses. Fig. 3 illustrates the UV-Vis absorption spectra of the studied glasses. It consisted of several peaks originated from the ground state to the excited state transitions of Eu 3+ ion. In the visible region all the studied glasses disclosed six significant absorption peaks centred at 360, 380, 394, 414, 465, and 531 nm. In the NIR region, two prominent peaks were observed at 2091 and 2205 nm. Irrespective of Eu 3+ concentration variation, the spectral transition remained unchanged. This observation was attributed to the weak crystal field interaction in the proposed glass system. The occurrence of inhomogeneous broadening in the absorption peak affirmed the disorder nature of the glass network (Y. A. . (Stambouli et al., 2013; Thanh et al., 2012) . The intense red peak at 613 nm is useful for making visible laser. 
RESULTS AND DISCUSSION

XRD pattern
Optical properties
Physical properties
The physical properties of the prepared glasses were calculated using various relations (Mohammed et al., 2018) . Quantities such as density and refractive index were used to calculate other physical parameters including Eu 3+ ion concentration, polaron radius, inter-ionic distance, field strength, reflection losses, molar refractivity and electronic polarizability. Glass density measurement provided information about the structural network compactness and coordination number of atoms in the rigid amorphous matrix. Densities of glasses were increased (from 1.54 to 2.80 g/cm 3 ) and the molar volume was decreased (from 7.2 to 4.7 cm 3 ) with the raise in Eu 3+ ions concentration (Fig. 5) , which in turn influenced the polarization factor and field strengths. Glass density was calculated via:
where ρ is density, a is sample weight in air b is sample weight in toluene and ρ x is density of toluene (0.866 gcm -1 ). Polaron radius (reduced) and field strength (enhanced) displayed opposite trend with the increase in Eu 3+ ions contents in the glass (Fig.  6 ). 
Optical band gap and Urbach energy
The values of optical band gap (both direct and indirect transitions across the forbidden band) as well as the Urbach energy was calculated from the Tauc's and Urbach plots, respectively. The UV-Vis spectral data at varying photon energy (h) was used to calculate glass absorption coefficient (⍺). The Urbach plot was generated (log⍺ versus h) to get the reciprocal of the intercept at the linear region (Y A . It is known that glasses have tailing forbidden energy gap with an ill-defined energy band as opposed to crystalline materials. Optical band gap energy corresponding to fundamental absorption was calculated using the expressions:
where hv is Photon energy,
where Eg optical band gap, α = Absorption Coefficient, B is constant. Both the Urbach energy and refractive index (Fig. 7) of the glass system was increased with the increase in Eu 3+ ions contents, which were attributed to generation of large number of defects number due to the rupture of bridging oxygen (BO) bonds. The energy band gap for direct transition was increased and for indirect transition increased (Fig. 8) with the increase in Eu 3+ ions contents, which were ascribed to creation of large number of NBO bonds. Table 2 enlists the Eu2O3 contents dependent Urbach energy, direct and indirect band gap energy of the studied glasses compared to the other literature reports. 
CONCLUSION
The controlled physical and optical properties of Eu 3+ ions doped magnesium-zinc-sulfophosphate glasses were determined. These glasses were prepared using melt-quenching method and characterized at room temperature using different techniques to determine the influence of changing Eu2O3 concentration on the structure, physical and optical properties of the as quenched glasses. XRD pattern verified the amorphous nature of the prepared samples. Glass density was increased from 2.603 to 2.789 g/cm -3 with the increase of Eu2O3 contents. FTIR spectra revealed several characteristics vibrations related to (P-O), (P-O-P), (P-O-P), P3O, (P-O-P) of phosphate networks bonding. The absorption spectra of the glasses showed six intense absorption bands in the visible and two bands in the NIR region. The PL spectra of glasses exhibited four significant peaks. The PL intensity was increased with the increase of Eu 3+ content. Such glasses were shown to be beneficial for different applications due to their improved optical properties obtained via composition optimization.
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